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Pennsylvania Seismic Monitoring Network
(Northeastern United States Seismic Network)

14-08-0001-17634

Shelton S. Alexander
Professor of Geophysics
The Pennsylvania State University
403 Deike Building
University Park, Pennsylvania 16802
(814) 865-2622

Investigations

The principal objectives of this project are: (1) to establish a regional
seismic network centered in Pennsylvania capable of monitoring local seismic
activity and that in surrounding areas, (2) to collect baseline data on the
spatial and temporal distribution of seismic events, (3) to identify and dis-
tinguish local earthquakes from quarry blasts, (4) to calibrate the region with
regard to travel-time curves, (5) to construct seismicity maps for Pennsylvania
and surrounding areas and relate the patterns to structural features and tectonic
stresses, and (6) to work co-operatively with operators of adjacent networks in
the Northeast to establish overall patterns of seismicity. The long-term aim is
to develop an understanding, now largely lacking, of the state of tectonic stress
in the earth's crust and its relation to the location, magnitude, and source
mechanism of earthquakes likely to occur in the future in this densely populated
part of the eastern United States.

Results

The first eleven stations of the network as shown in Figure 1 have been
installed and are operating with data transmission via telephone telemetry to
the central recording site at Penn State's main campus. All eleven are at or
near a college or university campus and visible recorders are (or will be)
operated at each location by local faculty who have agreed to cooperate.

Table 1 gives the locations of these stations and the local faculty contact.
In addition the stations indicated by asterisks in Table 1 have 3-component
capability, including long period. This strategy of monitoring provides back-
up analog recording and stimulates local public interest in the network
operation. However, because of local high frequency noise levels at several
of the campuses, some of the seismometers are being relocated to more remote,
quieter sites. In order to continue to operate visual recorders at these
campuses, additional single discriminator modules have been added with routing
of the FM signal through the campus recording location as it is telemetered
to the central recording location at University Park. Stations 12 and 13 in
Maryland and West Virginia, respectively, with visible recorders operated by
NASA, have been added to the network as telemetered stations.

Event information is regularly exchanged with operators of adjacent networks
comprising the Northeast U.S. Seismic Network and provided to others upon
request. Four portable systems are kept available for aftershock studies and
special recording of quarry explosions in the region.

1
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We have developed a method for combining regional and teleseismic
observations and for including multiple reference events (quarry explosions)
to improve hypocenter determinations (Baumgardt and Alexander, 1979). It is
especially useful when an event to be located lies outside but near a regional
network.

Figure 2 illustrates the application of this approach as applied to two
small (mp ~ 3.0) events that occurred near Lancaster, PA in 1978. This figure
compares the epicenters from NEIS and NEUSSN network observations and the epi-
centers from intensity observations as reported by Scharnberger, the local
operator of the Millersville (MVL) station. The relative location method was
applied alternatively using event 1, then event 2 (intensity locations) as the
reference event location. The open circles show the results and suggest a
relative location accuracy approaching 1 km using NEUSSN stations. It should
also be noted that only 15 common stations were used, nearly all situated north
of the earthquake epicenters and heavily concentrated in the NE azimuths.

Reports

Baumgardt, D. B. and S. S. Alexander, 1979, Use of Multiple Reference Events
to Locate Regional Events with Combined Regional and Teleseismic Data,
Earthquake Notes, v. 50, No. 3, p. 13.

Table 1

Pennsylvania Seismic Monitoring Network Stations Located
At or Near College or University Campuses

Station Location

Lat Long Elev
No. Campus Site (deg N) (deg W) (m) Local Faculty Contact
3 Beaver, PSU 40.70 80.33 305 Prof. John Ciciarelli
2 Behrend, PSU 42.13 79.98 229 Prof. Eva Tucker
6 DuBois, PSU 41.13 78.75 427 Prof. John Vargas
4 Fayette, PSU 39.93 79.67 335 Prof. Peter Ostrander
5 *Indiana State 40.62 79.06 396 Prof. Fred Park
College
8 *Rutztown State 40.52 75.78 152 Prof. Madin Varma
College
9 Lehigh 40.60 75.37 116 Prof. Ken Kodama
University
7 Millersville 39.98 76.37 104 Prof. Chas. Scharnberger
State College
11 Scranton, PSU 41.43 75.62 287 -~
1  *University Park 40.80 77.87 352 Prof. Shelton Alexander
PSU
10 West Chester 39.95 75.58 128 Prof. Allen Johnson

State College

* Three-component stations
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Figure 1. Map showing locations in the Pennsylvania
Seismic Monitoring Network (triangles) and the epicenters
of previous earthquakes in the region (solid dots). Data
from each network station is transmitted via telephone
line to a central recording site at Penn State's main
campus at State College, Pennsylvania (boxed X in the
center). Numbered stations have been installed (see
Table 1). Un-numbered stations are candidates for

future installations.
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Portable Broadband Seismic System
(Northeastern United States Seismic Network)

14-08-0001-18262

Shelton S. Alexander
Professor of Geophysics
The Pennsylvania State University
403 Deike Building
University Park, Pennsylvania 16802
(814) 865-2622

Investigations

The objective of this project is to assemble two 12-element portable
broad-band digital seismic systems that can be used in a variety of modes to
supplement fixed networks, particularly those comprising the Northeastern
U.S. Seismic Network.

Several types of investigations can be carried out using these systems
to provide important data for interpreting regional earthquake events. These
include: dimproved crustal velocity models established by refraction profiles
with timed quarry blasts as sources and a conventional source-receiver linear
geometry; identification of crustal phases at different distances from quarry
explosions by deploying the portable stations configured as one or more local
arrays and measuring apparent velocities of each distinct arrival in the
wavetrain (this approach could be applied for refractions, wide angle
reflections, and surface waves); measurement of lateral variations in average
crustal properties by measuring P and S wave delay times through the crust
from teleseismic events (because the broad-band seismometers can operate as
either vertical or horizontal instruments, S-wave arrivals could be enhanced
and their delay times more accurately determined); correlation of crustal
refraction arrivals with available crustal reflection data from petroleum
exploration or COCORP profiles; average crustal structure from observed
fundamental and higher mode surface wave dispersion using tripartite (or
multipartite) arrays that may profitably include one or more 3-component
stations; determination of attenuation rates for various crustal phases; and
spectral variations among crustal arrivals as observed at different distances.
These types of applications are relevant to understanding regional seismic
activity because they can significantly improve our ability to locate local
earthquakes and determine their source mechanisms.

Another important application is to monitor for aftershocks near the
epicenters of regional earthquakes. Such a local monitoring capability should
improve the location, depth and fault-plane estimates made from the fixed
network data alone and provide much-needed data on the magnitude vs frequency
of occurrence for aftershocks of crustal earthquakes in the eastern United
States.

Another useful application is to test the effects of various possible
modifications in the fixed network configuration by deploying stations to
alternate desired locations.
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The field systems being developed are versatile enough to be used for
all of the applications cited earlier. The key characteristics are: port-
ability; broad-band (.05-100 Hz) stable seismometers that can operate
interchangeably in the vertical or horizontal mode; field digital recording
capability and accurate timing adequate for both short time (expanded scale)
recording and continuous operation for the order of days; FM radio telemetry
from individual sensors to local central field recorders or to interfaces
with telephone telemetry to a distant central recording location.

Results

The first 12-element system is nearing completion, and after laboratory
and field tests will be ready for use by mid-1980. The second system will
be completed approximately two months later. The central field recording
facility consists of: a PDP-1103 minicomputer with 32K of core, a dual
floppy disk system, 12 A-D channels, a 800/1600 bpi magnetic tape unit, and
scope and hard-copy display. The supporting software (mainly FORTRAN) being
developed will provide the user a variety of modes for digital data acqui-
sition ranging from continuous sampling of all or any of the 12 channels to
event detection on any desired set of the 12 channels. Data analysis can also
be carried out when data acquisition activities permit. Input (analog) data
can be from user-supplied seismometers and telemetry or from the broad-band
seismometers that will be available with the system.
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Revision and Studies of Modified Mercalli Intensity Scale
9950-02145

S. T. Algermissen
Branch of Farthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4014

Investigations

1. Work continues on review of the entire U.S. earthquake catalogue for
larger events (I >V) and revision and (or) preparation of isoseismal maps.
Work on this project has been coordinated with and supported a project in
the Branch of Global Seismology aimed at the preparation of seismicity maps
for all 50 states.

2. Attention has been focused on a careful investigation of the distribution
of intensity for larger earthquakes of the Mississippi Valley and the eastern
United States (Ioz VI) with the aim of: (a) developing attenuation relations
for each area; and (b) identifying areas of anomalously high or low intensity
attenuation.

3. A field investigation of the effects of the Imperial Valley, California
earthquake of October 15, 1979 was undertaken.

Results

1. 1In cooperation with Project 9920-01222 in the Branch of Global Seismology,
two additional State seismicity maps have been issued as MF maps (Kentucky and
Arkansas). A computer program has been developed that makes it possible to
develop a maximum intensity map or the intensity history (distribution of
intensity) of any region of the country (or the entire country). The program
distributes the intensities associated with any earthquake into a square grid
10 km on a side. If any area has experienced repeated earthquake activity,
the entire intensity history of each 100 km“ area can be recovered. Thus,
maximum observed intensity maps, maps of the frequency of occurrence of any
particular level of intensity and similar maps are relatively easy to prepare.
The data preparation required is the digitization of available isoseismal maps
(or maps developed in this project). For earthquakes for which insufficient
data are available to prepare a map, synthetic isoseismal maps can be prepared
using other well documented earthquakes in the area. The following table gives
the status of intensity map review and development in this project.
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Status of Intensity Maps

Reviewed and Nearing Completion Need Additional Totals
contoured* (2-3 months) work (3-12 months)
Eastern U.S. 25 16 8 49
Midwest 53 9 17 79
Western Mountain
Region 38 8 3 49
Pacific Northwest 8 2 4 14
California 24 many available 24+

-review not complete-
*42 of these maps have been digitized

Technical review of a U.S.G.S. Open-File Report "An Evaluation of the Effects
of the October 31, 1895, Charleston, Missouri Earthquake' by Margaret Hopper
and S. T. Algermissen is complete and awaits Director's approval. Another
Open-File Report '"Potential for Liquefaction, Slumping and Landsliding in the
Puget Sound, Washington Area" by Margaret Hopper is in technical review.

2. As previously reported, intensity attenuation relations have been developed
for the midwest. Eastern isoseismal maps are now being investigated with regard
to the best manner of representing the attenuation. Isoseismal maps, particularly
for Saint Lawrence Valley earthquakes are very irregular in shape. The larger
eastern earthquakes, however, do confirm the regional attenuation anomalies

found from studies of the large Mississippi Valley earthquake.

3. A comprehensive investigation of the distribution of damage resulting from
the Imperial Valley, California earthquake of October 15, 1979 was completed.
Special attention was given to the evaluation of Modified Mercalli intensity

in the vicinity of 22 strong motion accelerograph sites in the macroseismic
area. It was found that the felt area of the earthquake was almost identical
with the felt area of the 1940 earthquake of about the same magnitude on the
same fault but the area severely shaken (MM>VII) was much larger in 1940 than in
1979. There are a number of other important results from the intensity investi-
gation, several of which are believed to be related to the difference in duration
of strong shaking in the 1940 and 1979 earthquakes. Preliminary results are
being published in a forthcoming U.S.G.S. Professional Paper. A study of the MM
intensities at accelerograph sites is being prepared for submission to the
Bulletin of the Seismological Society of America.

Reports

Algermissen, S. T., Steinbrugge, K. V., Reagor, B. G., Stover, C. W., Hopper,
M. G., and Barnhard, L. M., 1980, The Imperial Valley, California
Earthquake of October 15, 1979: Distribution of Intensity and Damage,
Earthquake Notes, vol. 50, no. 4, p. 35 (abstract).
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Stover, C., Reagor, G., and Algermissen, S. T., 1979, Seismicity maps of the
State of Kentucky, U.S. Geological Survey, MF-1144.

1979, Seismicity maps of the State of Arkansas, U.S. Geological Survey,
MF-1154.

Reagor, B. G., Stover, C. W., Algermissen, S. T., Steinbrugge, K. V., Hubrak,
P., Hopper, M. G., and Barnhard, L. M., 1980, Preliminary evaluation of
the distribution of intensity, in The Imperial Valley Earthquake of
October 15, 1979, U.S.G.S. Professional Paper (in press).
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Southern California Seismic Arrays

Contract No. 14-08-0001-16719

Clarence R. Allen
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (213-795-6811)

This semi-annual report summary covers the six-month period from
1 October 1979 to 31 March 1980. The contract's purpose is the partial
support of the seismological arrays of the joint USGS-Caltech SCARLET
(Southern California Array for Research on Local Earthquakes and Teleseisms),
which is also supported by other groups, as well as by direct USGS funding
through its own employees at Caltech. According to the contract, the
primary visible product will be a joint USGS-Caltech catalog of earthquakes
in the Southern California region, to be issued on a yearly basis, although
quarterly epicenter maps and preliminary catalogs are also required.
Figure 1 shows preliminary epicenters of all events exceeding magnitude
2.9 that were detected and located by SCARLET during the six-month period.
Because of the unusual load of the Imperial Valley earthquakes of October
1979, smaller events during the latter part of the six-month period have not
as yet been timed and located, nor is this required at this time by the
contract.

Some of the seismic highlights in the Southern California region
during the six-month reporting period are as follows:

Number of located events through 1-12-80: 3,118

Estimated number of events to be located for 6-month period: 4,900

Number of earthquakes of M = 3.0 and above: 487

Number of earthquakes of M = 4.0 and above: 51, data for which were
immediately transmitted by telephone to interested agencies,
according to pre-—arranged procedures.

Number of earthquakes of M = 5.0 and above: 6

Number of earthquakes of M = 6.0 and above: 1

Largest earthquake: M = 6.6 (10-15-79, near Calexico)

Certainly the most important seismic event during the reporting
period was the M = 6.6 Imperial Valley earthquake of 15 October 1979, which
was the largest earthquake in southern California since the Kern County
earthquake of 1952. Almost all seismic stations worked well throughout
the sequence, and the area was densely instrumented. A wealth of information
has been obtained. Preliminary seismic data have been summarized by Johnson
and Hutton (in press), and Figure 2 shows preliminary epicenters for the
first 15 days. An unusual aspect of the sequence is that the main shock
(star in Fig. 2) lies in an area almost devoid of aftershocks, most of which
occurred north of the area of faulting during the main shock. A number of
scientific and engineering publications have already resulted from this
earthquake, which will assuredly be the subject of intensive study for
years to come.

10
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Seismic activity remained high in the Mammoth Lakes area during the
reporting period, with 9 shocks of magnitude 4.0 and greater, and at least
14 reported as felt. Also significant was a magnitude 5.3 earthquake on
25 February 1980 near the trifurcation of the San Jacinto fault south of
Palm Springs. Reconnaissance field investigations by Caltech and CDMG
members failed to find evidence of surficial fault displacement. Subsequent
to the 15 October 1979 Imperial Valley earthquake, a number of small and
moderate shocks (to M = 3.3) have been occurring along the southward projection
of the San Andreas fault southeast of Niland. These are intriguing not only
because they represent the first known aligned activity along this trend,
but also because they lie at the southeastern end of the continuing
pronounced seismic gap along this segment of the San Andreas fault -- a gap
that extends 100 km northwest to San Gorgonio Pass. As part of another
project, two continuously recording creepmeters are now being installed along
this fault segment.

The joint seismic network now comprises 139 individual statiomns,
134 of which telemeter signals to Caltech. The actual number of telemetered
signals is 154, inasmuch as several stations have more than one instrument
sending data. No new stations were added during the reporting period.

No final yearly catalogs were published during the reporting period,
but the 1978 catalog is almost ready for printing. Data for the 1975 and
1976 catalogs were received from the USGS shortly after the end of the
reporting period, and these catalogs will be published as soon as data
from Caltech and the USGS can be collated.

PUBLICATIONS

Hill, R. L., Pechmann, J. C., Treiman, J. A., McMillan, J. R., Given, J. W.,
and Ebel, J. E., 1980, Geologic study of the Homestead Valley earthquake
swarm of March 15, 1979: California Geology, v. 33, p. 60-67.

Hutton, L. K., Allen, C. R., Blanchard, A. C., Fisher, S. A., German, P. T.,
Given, D. D., Johnson, C. E., Lamanuzzi, V. D., Reed, B. A., and Richter,
K. J., 1980, Southern California Array for Research on Local Earthquakes
and Teleseisms (SCARLET), Caltech-USGS monthly preliminary epicenters
for July 1979 through September 1979: Pasadena, California Institute of
Technology, 19 p.

Hutton, L. K., Johnson, C. E., Pechmann, J. C., Ebel, J. E., Given, J. W.,
Cole, D. M., and German, P. T., 1980, Epicentral locations for the
Homestead Valley earthquake sequence, March 15, 1979: California Geology,
v. 33, p. 110-114,

Johnson, C. E., and Hutton, L. K., in press, The 15 October 1979 Imperial

Valley earthquake: a study of aftershocks and prior seismicity: U. S.
Geol. Survey Prof. Paper.

11
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Fig. l.--Epicenters of 487 earthquakes of M = 3.0 and greater that occurred
between 1 October 1979 and 31 March 1980 in the southern California region.
The great majority of these occurred as aftershocks of the M = 6.6 Imperial
Valley earthquake of 15 October 1979.
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31 October 1979.

Map prepared with the help of C. E. Johnson.
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Very Long Period Seismic Studies In The U.S.S.R.
USDI 14-08-0001-18328

Jonathan Berger and Freeman Gilbert

Institute of Geophysics & Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093

(714) 452-2889 & 452-2470

Under the US/USSR '"Agreement on Cooperation in the Field of
Environmental Protection" we operate two very long period seismic
stations which we installed in the Soviet Union. The stations are
located in the very seismic region of central Asia and near the
Kamchatka-Kermadec seismic zone. The data from these stations are
being used to study: variations in the long period spectral content
of local earthquakes, possibly premonitory to large events; temporal
changes in tidal admittances associated with changes in local elastic
properties; and properties of tsunamigenic earthquakes.

14
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NATIONAL DIGITAL SEISMOGRAPH NETWORK (NDSN)
9920-02497 . |

Howell M. Butler
Branch of Global Seismology
U. S. Geological Survey
Albuquerque Seismological Laboratory
Building 10010, Kirtland AFB-East
Albuquerque, New Mexico 87115
(505) 844-4637

Investigations

1. The purpose of this project is to establish wideband digital seismo-
graph stations across the United States to demonstrate the capability of
such stations and the quality and value of the data.

2. Due to the extended target date of having the telemetry software
available for the Jamestown location, it has been decided to install a
local DWWSSN system and telemeter the data to Berkeley and Menlo Park at
a later date. The system has been fabricated and is now in final stage
of testing. Installation is scheduled for the first week of June.

3. Installation of the Longmire DWWSSN system is planned to begin
April 10. It is most important that at least two systems be installed

as soon as possible for field testing, but because of the resignation of
the contract personnel who had been trained for the DWWSSN program, it

is planned that Bob Hutt will install Longmire and Jamestown. The re-
maining three stations listed under this agreement will be installed
next fiscal year after technicians have been trained on a new maintenance
contract which will become effective October 1, 1980.

Goals

1. Install digital recording seismographs at NAS/NRC committee selected
stations in the United States.

2. Modify equipment to telemeter data from remote areas to a central
recording location at other than committee selected stationms.

15
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Reanalysis of Instrumentally-Recorded U.S. Earthquakes
9920-01901

J. W. Dewey
Branch of Global Seismology
U. S. Geological Survey
Denver Federal Center, MS 967
Denver, CO 80225
(303) 234-4041

Investigations

1. Relocate instrumentally-recorded U.S. earthquakes using the method of
joint hypocenter determination (JHD) or the master event method, using
subsidiary phases (Pg, S, Lg) in addition to first-arriving P-waves, using
regional travel-time tables, and expressing the uncertainty of the computed
hypocenter in terms of confidence ellipsoids on the hypocentral coordinates.

2. Evaluate the implications of the revised epicenters on regional tectonics
and seismic risk.

Results

1. J. Dewey has relocated the aftershock sequence of the Dulce, New Mexico,
earthquake of January 23, 1966, as part of a study of that earthquake being
conducted with R. B. Herrmann and S. K. Park of Saint Louis University. The
focal mechanism of the earthquake determined by Herrmann and Park and the
relocated epicenters point to the main shock having occurred as additional
movement on one of a family of NNW striking normal faults that had their
maximum activity in Miocene time. The distribution of aftershock epicenters
suggests that the main shock triggered aftershock activity on adjacent
faults.

2. D. Gordon has read WWSSN seismograms and entered travel-time data into
the computer for 150 instrumentally-recorded earthquakes occurring in the
central U.S. between 85°W and 105°W.

3. J. Dewey and D. Gordon are completing '"mopping up' operations on the
catalog of instrumentally recorded earthquakes in the U.S. and adjacent
Canada east of 85°W. These operations have included relocation of 25 shocks
not previously located that occurred before 1964 and were not listed in the
Hypocenter Data File of the U.S.G.S. The format of uncertainty estimates on
hypocentral parameters was changed to give uncertainty in terms of a three-
dimensional confidence ellipsoid rather than two-dimensional confidence
ellipses on pairs of hypocentral parameters.

16
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Enhancement of Data Acquisition in the New
Madrid Seismic Zone
14-08-0001-16794
R.B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
St. Louis, MO 63103
(314) 658-3120

Goals

Improve detection of microearthquakes in the New Madrid Seismic Zone
by the addition of sixteen new seismograph stations.

Install three three-component digital accelerographs to obtain strong
motion records from small events.

Major Accomplishments

Digital accelerographs were installed at Marston, MO, within 500 meters
of the Marston SMA-1, at Gratio, TN, within 1000 meters of the GRT
seismograph station. Negotiations with the Corps of ENgineers are
underway for the installation of the third digital accelerograph at
Lake Woppapello, MO

The seismic array is providing useful data, even though the remaining
stations will be installed during spring, 1980.

Investigations

The present effort is only an augmentation of equipment. Research
studies utilizing the data acquired is being performed under Contract
14-08-0001-16708, "Earthquake Hazard Studies in Southeast Missouri."

17
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PROJECT TITLE: A Study of Earthquake Prediction and
the Tectonics of the Northeastern
Caribbean: a Continuing Experiment
in Two Major Seismic Gaps

CONTRACT NUMBER: USGS-14-08-0001-16748
PRINCIPAL INVESTIGATORS: A.L. Kafka, W,R. McCann, L.R. Sykes
INSTITUTION: The Trustees of Columbia University

in the City of New York

Lamont-Doherty Geological Observatory
TELEPHONE NUMBER: 914-359-2900

Status of the Seismic Network

The network continues in good working order. The Digital Event
Recording System is operational and running well. This recording system is
presently being operated with analog triggers, however, these analog
triggers will be replaced with the digital trigger system as soon as
technically possible.

Significant Observations from On-Going Research

An intensive study of microearthquakes occurring in the region 18.7°N
to 19.5°N and 64°W to 65.2°W during the period February 1977 through May
1979 indicates that the downgoing seismic zone dips southward and 1is
continuous from a depth of v 10 km to at least 70 km and perhaps as deep as
130 km. These events were relocated using a new velocity model derived
from the inversion of P-wave arrival times of 30 well-chosen events.

In mid-May 1976 the network recorded a sudden increase of seismic
activity in the region near 19.1°N, 64.9°W. The number of events recorded
at SJV jumped from a few events per day to several hundred events per day.
This increase in activity was swarm-like in nature, and the swarm events
were probably of shallow depth (v 15 km or less). Another large swarm
occurred in June of 1976 in the region near 19.1°N, 64.5°W. In contrast to
the earlier swarm these events occurred at depths of 30 to 45 km. The
depths and locations of the June 1976 events indicate that they occurred
within the descending oceanic lithosphere, whereas the events in May
appear to have occurred on or near the zone of contact between the two
plates.

A large earthquake (M_ = 7.2) occurred in the northern Lesser
Antilles on October 8, 1974.  Aftershocks of this event were recorded by
research teams from L-DGO and USGS, and by the permanent local network
operated by the University of the West Indies. Most of the more accurately
located events lie on a NE striking plane that dips to the SE. The
distribution of the aftershocks constrains the fault plane solution of the
main shock derived from body-wave first motions. The shallowness of these
events (10 to 40 km) and the general fault motion indicate that these
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events are not associated with underthrusting of the oceanic slab, but
rather with intraplate tectonics of the island arc itself.

We are presently conducting a study of the source parameters of micro-
earthquakes using digital seismograms recorded by the network. The major
emphasis of this study so far has been the examination of the pulse shapes
and amplitude spectra of earthquakes in the region of the network. This
investigation has crucial applications to both the earthquake prediction
effort and to seismic source theory. 1In particular we are studying the
temporal variability of the P-waveform during swarms. The variations in
the waveforms of microearthquakes may be useful as precursors to larger
shocks. The Semi-Annual Technical Report describes some preliminary
findings to illustrate how we presently utilize the digital data set and
our future intentions.

Earthquakes located in the northern Lesser Antilles region indicate a
downgoing seismic zone of intermediate depth shocks dipping to the south-
west at depths between 50 and 150 km. The transition between this zone and
the above mentioned southward dipping zone between 64°W and 66°W occurs
over a distance of about 100 km, between the Virgin Islands platform and
the platform of the island of St. Martin. We have located events as deep
as 66 km in this transition zone, indicating that a subducted slab may
exist beneath it, although its configuration is as yet unresolvable.
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A Field Study of Earthquake Prediction Methods
in the Central Aleutian Islands

14-08-0001-16716

C. Kisslinger
S. Billington
Cooperative Institute for Research in Environmental Sciences
University of Colorado, Campus Box 449
Boulder, CO 80309
(303) 492-8028

Investigations and Results

To search for possible variations in the mechanism of small earthquakes
preceding the M, 6.7 earthquake of November 4, 1977, a method has been
developed to objectively composite, by computer, P-wave first motions from
events occurring with a small source region. The data are routinely
recorded clear first motions (an average of six per earthquake) at stations
of the Adak network. About 350 shallow focus earthquakes with m, 8reater
than about 2.7 which occurred from August 1974 through June 1978 in a
region of roughly 4500 km? surrounding the main shock were considered.
Although the coverage of the focal sphere for these earthquakes by the Adak
network is not complete enough to permit the determination of dbsolute
focal mechanism solutions, the method does distinguish between moderately
different mechanisms. The most common is a thrust mechanism (characterized
by strictly dilatational P-wave first motions at the local network), in
which the strike of the nodal planes is roughly northeast; this mechanism
is consistent with teleseismically determined mechanisms of larger thrust
earthquakes in the central Aleutians. However, in the immediate vicinity
of the hypocenter of the main shock and starting about 10 1/2 months before
the main shock, the mechanisms of small earthquakes changed. The
"precursory" mechanisms can be interpreted as thrust mechanisms
(characterized by a mixture of compressional and dilatational first motions
at the local stations) in which the strikes of the nodal planes are rotated
clockwise by several tens of degress with respect to the typical mechanism.
This change in mechanism coincides approximately in space and time with an
increase in rate of occurrence of small magnitude earthquakes before the
main shock, and also coincides in space (within the resolution of the
method) to the eventual rupture area of the main shock.

A teleseismic solution for the focal mechanism of the earthquake of
November Y4, 1977 has been determined, based on long-period WWNSS recordings
of both P- and S-waves. The solution is for a thrust mechanism similar to
those determined by Stauder for the 1965 Rat Island earthquakes. This
solution also fits many of the smaller events in the same area, as
described in the preceding paragraph. The main shock of November 1977 was
recorded at many teleseismic stations with two clear P-waves and two clear
S-waves. The time separation between the two P-waves and between the two
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S-waves is each about 11 - 12 seconds. This indicates that the event was
really a doublet. The polarity of the second P-wave often appears to be
the reverse of the first polarity.

From 1970 through 1976 a small seismographic network of four stations
spaced at about 2 km was in operation near the Adak Observatory. We are
using the data from this network to investigate the seismicity near Adak
for the four years prior to the installation (in the summer of 1974) of the
present network. Software is currently being debugged to fit a plane wave
front to the relative P-wave arrival times across the small network to
estimate the back azimuths of events. The difference between P- and S-wave
arrival times will be used to estimate the distances to events. This
approach will obviously not provide the epicentral resolution of the
current network, but may allow us to compare the spatial distribution of
seismicity between 1970 - 1974 and 1974 - 1980, and to estimate the size of
the aftershock zone of the 1971 (Mg 7-1) Adak Canyon earthquake.

A study of the coherence, at tidal and secular frequencies, both between
individual shallow-hole bubble-level tiltmeter records of the Adak array
and between the tiltmeter records and meteorological disturbances, has been
completed by C. Meertens as part of a Master's Thesis. The most
interesting comparisons come from two tiltmeters installed a few meters
apart at the "west site". Only digital records from these instruments,
recorded from August 1979 to Febuary 1980, were analyzed in detail. Of the
4350 hours of data analyzed, there are only six hours of data missing, with
no gap in data lasting longer than 1-1/2 hours. The first step in the
analysis was the removal of =zeroing offsets and glitches using cursor
inputs from an interactive graphics terminal. The resulting time series
were then lowpass filtered and decimated into hourly values. Comparison of
these values with meteorological data shows that rainfall continues to
cause the greatest disturbances, though the response of each of the eight
tiltmeters in the array is different. To investigate the coherence between
the tiltmeters of the "west site" at periods of less than a few days, a
cross spectral computation was run over the entire data set and revealed
significant coherence only at tidal frequencies. Only at the M, (12.42 hr)
tidal harmonic was the signal-to-noise ratio great enough to provide
amplitude and phase values that agreed between tiltmeters. To model the M
tide, the theoretical solid earth tide was calculated and found to accoun
for only half of the observed signal. However, by including the effects of
ocean loading, the observed tidal phases and amplitudes are found to match
the predicted values, within the error of the measurements. Despite this
success and the fact that it may be possible to observe an anomalous tilt
lasting from days to weeks during periods of fine weather, tectonic tilts
at periods of days to years are still generally buried under large drift
rates and meterological effects.

Technical Advances

During the summer of 1979, an FM-carrier tape-recording system was
installed at the Adak Observatory to record on analogue magnetic tapes the
data from the fourteen two-component seismic stations, the IRIG-H time
code, and a tape speed compensation frequency. Since then, only the tapes
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containing data from relative large earthquakes have been saved, pending
the implementation of the planned tape reproduce system at CIRES. The
final elements of the reproduce system were installed in the CIRES computer
facility on March 17, 1980, and the first events from Adak magnetic tapes
were detected that evening. The tape reproduce system runs at 4-times-
real-time, and includes a bank of signal discriminators with tape speed
frequency compensation system, and an interface so that the tape reproduce
decks can be controlled by programmed software in a PDP 11/34 computer.
The tape reproduce system was designed and installed by S. T. Morrissey of
St. Louils University. Software developed by S. Malone at the University of
Washington for digitizing and event picking of seismic data in real time is
used on the PDP 11/34 to generate event tapes. These in turn are used as
input, via arrival time picking on an interactive graphics terminal by
project personnel, to our standard hypocenter location program on a PDP
11/70 computer. The total system is still being tested, but we expect to
be relying upon it as our primary means of data acquisition and analysis
within the next two months.

Reports

Frohlich, C., G. V. Latham, J. Lawton, S. Billington, C. Kisslinger, E. R.
Engdahl, A. Malahoff, and J. G. Caldwell, Ocean bottom seismograph
results from the central Aleutian subduction zone (abstr.), EOS,

v. 60, p.878, 1979.

Meertens, C., Analysis of tiltmeter results from the central Aleutians
(abstr.), EOS, v. 60, p. 936, 1979.

Morrissey, S. T., Promising new developments in installation and operation
of shallow borehole tiltmeters (abstr.), EOS, v. 60, p. 935, 1979.
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Microearthquake Data Analysis
9930-01173

W. H. K. Lee
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS-77
Menlo Park, CA 94025
(415) 323-8111, ext. 2630

Investigations

1. The primary focus of this project is the development of state-of-the-art
computation methods for analysis of data fram microearthquake networks.

2. The principal effort during the past six months has been devoted to

a) revising the review paper "Principles and applications of microearthquake
network" by W. H. K. Lee and S. W. Stewart, and b) developing a new
earthquake location program.

Results

1. The first four chapters of "Principles and applications of micro-
earthquake network" have been extensively revised.

2. A new earthquake location program called HYPO80 is being developed.

A version of HYPO80 has been written for a low-priced ($6K) microcamputer
using less than 48K bytes of core storage. A typical earthquake can be
located in about 50 sec. We are now building a hardware floating-point
board for the microcomputer. If it is successful, we can reduce the
computer time to locate an earthquake to a few seconds. Thus it is possible
to process and analyze microearthquake data with a low-priced microcomputer.

Reports
The following papers have been published in the last six months:

Lee, W. H. K., and Brillinger, D. R., 1979, On Chinese earthquake
history—an attempt to model an incomplete data set by point process
analysis: Pure and Applied Geophysics, v. 117, p. 1229-1257.

Lee, W. H. K., and Stewart, S. W., 1979, Microearthquake networks and
earthquake prediction: Earthquake Information Bulletin, v. 11,
no. 6, p. 192-195.

Pereyra, V., Keller, H. B., and Lee, W. H. K., 1980, Camputation methods for
inverse problems in geophysics—inversion of travel-time observations:
Physics of the Earth and Planatory Interior, v. 21, p. 120-125.

Pereyra, V., Lee, W. H. K., and Keller, H. B., 1980, Solving two-point
seismic ray-tracing problems in a heterogeneous medium; Part 1. A
general adaptive finite difference method: Seismological Society of
America Bulletin, v. 70, p. 79-99.
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Seismic Data Library of WWSSN Seismograms
9930-01501

W. H. K. Lee
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS-77
Menlo Park, CA 94025
(415) 323-8111, ext. 2630

This is a nonresearch project, and its main objective is to keep the WWSSN
seismograms up to date and properly filed. Everything is now up to date.
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Stony Brook Seismic Network on Long Island, New York:
Siting and Installation
14-08-0001-17622

Robert C. Liebermann1 and Donald J. Weidner2
Department of Earth and Space Sciences

State University of New York at Stony Brook
Long Island, New York 11794

1(516) 246-6090 2(516) 246-8387

Investigations

This final summary report covers the six-month period from 1 April 1979 to
18 September 1979. The obijective of this contract is to conduct a seismic noise
survey to identify sites on Long Island with low enough background noise to record
local and regional earthauakes and thereby increase the geocaraphical coverage of
the Northeastern U.S. Seismic Network (NEUSSN), and to install two permanent
seismograph stations on these sites.

Results

In the search for suitable sites for the installation of permanent seismic
stations, at least four signals were recorded on portable seismographs that differ
from the background noise by exhibiting distinct wave arrivals and having a different
frequency content (3-6 Hz). Three of these signals have been correlated with known
earthquakes that occurred in the northeastern United States. The signal that was
not recorded by other stations may be a low magnitude (mb<l.5), very local earth-
quake.

Reports

Schlesinger, E., E. Caiati, N. Barstow and A. Kafka, Macroseismic effects
on Long Island, New York from earthquake of 30 January 1979 in New
Jersey, Earthquake Notes, submitted for publication, 1979.

Schlesinger, E., A seismic noise survey of Long Island, New York, 75 pages,
M.S. Thesis, State Universitv of New York at Stony Brook, Auqust, 1979.
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Earthquake and Seismicity Research Using
SCARLET and CEDAR

14-08-0001-18331

J. Bernard Minster and K. C. McNally
Seismological Laboratory, 252-21
California Institute of Technology
Pasadena, California 91125
(213) 795-6811

a) Analysis of the 1932 to 1979 southern California earthquake
catalog reveals a remarkable decrease in seismicity rate at or near
the time of the 1952 Kern County earthquake (1). This event is by far
the largest one (M = 7.7) in the population analyzed. 1In view of the
continuous expansion of the seismic network, such a change cannot be
due to catalog incompleteness. The early magnitudes would have had to
be biased upward by about 0.3 in order to account for the trend. Spot
checks of the magnitude measurement and computation, done at five year
intervals from 1935 to the present, do not support this explanation.
Detailed analysis shows that this regional seismicity drop is in fact
spatially inhomogeneous and is not confined to the area close to the
Kern County earthquake. We find that contour maps of the cumulative
moment release for southern California similar to the strain release
map of Allen et al. (2) permit a convenient display of seismicity
patterns suitable for illustration of spatial and temporal fluctuations.
As an example, Figure 1 shows the cumulative moment release map for
the last decade (1970-80) contoured at order of magnitude intervals.

b) Using data recently available, we have revised our previous
analysis of seismicity along the Middle America trench (3). We find
that seismic slip rates along the Middle America trench do not agree
with rates of plate convergence, assuming uniform slip. Along the
COCO-NOAM plate boundary this discrepancy can be explained by non-
uniformities in slip mechanism at points of aseismic ridge or fracture
zone subduction; it is likely that very large, rate earthquakes occur
in these regions. However, a large and systematic discrepancy between
plate convergence and seismic slip rates along the COCO-CARB boundary
cannot be explained in this fashion. We suggest that significant '
aseismic slip may take place, due perhaps to decoupling and downbending.
The limited statistical evidence available is consistent with a possible
forthcoming episode of more intense seismicity, characterized by larger
events.
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The discrepancy between the average rates of plate convergence
(6.5 cm/yr) and seismic slip (4.66 cm/yr) since 1898 offshore Mexico
can be accounted <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>